This study provides new evidence that short sellers have superior skills in processing industry information. In industries with the highest aggregate shorted values, the most-shorted stocks earn -2.76% abnormal returns over the next six months. These results are likely driven by short sellers' preference for complex industries with the highest profit potential. In the targeted industries, firmlevel shorting predicts an increase in default risk, suggesting that short sellers successfully identify firms with fundamental problems. Overall, our results suggest that short sellers help to reduce information complexity and improve economic efficiency at the industry level.
Introduction
Conventional wisdom in finance suggests that stock returns are influenced by three sources of information: macroeconomics, industry, and firm specific information. The extant asset pricing literature has mainly focused on macroeconomic news (such as interest rates, recession, and more recently the global financial crisis) and firm-specific information (such as earnings news, mergers and acquisitions, financial statement revision, CEO death, and fraud). Unlike for macroeconomic and firm-specific news, there are no systematic industry-specific news releases, and this lack of information availability hinders the analysis of the relation between industry information and stock returns.
A few empirical industry studies aggregate firm-level returns by industry to proxy for industry information. For example, Makarov and Papanikolaou (2007) create four factors from U.S.
industry-level returns to predict market returns. Hong, Torous, and Valkanov (2007) document a strong relation between industry portfolio returns (such as retail, services, commercial real estate, and the metal and petroleum industries) and aggregate market returns in the U.S. and in eight other countries. Hoberg and Philips (2010) use industry returns to proxy for industry booms and busts to study the externality of industry competition on firms' cash flow and stock return.
The limitations of using industry returns to proxy for industry information are twofold. First, since in these studies both the explanatory and the dependent variables are based on stock returns, albeit with some lags, to some extent the relation between lagged industry and future market returns is mechanical. Second, stock returns may be too volatile to capture the slowly changing nature of an industry. For example during the industrial revolution, the transition to new manufacturing processes took about 80 years, from 1760 to 1840. Technological advancements may result in new industries, such as the information technology (IT) industry, or foster major restructurings in traditional industries (see, e.g., Kliesen, 1993; Foster, Haltiwanger, and Krizan, 2006 ). Hence we need a better measure to capture the gradual but irreversible structural shifts or breaks at the industry level.
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In this study, we introduce a new measure of industry information: the aggregate shorted value at the industry level. Short sellers are considered to be relatively informed traders who either have material private information or have superior information processing skills (Engelberg, Reed, and Ringgenberg, 2012) . Therefore their aggregate positions in all listed firms within an industry are likely to convey new material information about a specific industry. Moreover, anecdotal evidence suggests that short sellers have industry preferences. For example, well-known short sellers, such as George Soros, reportedly targeted the IT sector in the early 2000s. In 2007, short sellers focused on firms in the renewable energy industry (Hauck and Tsang, 2007) , likely because of the increased competition in the industry, restructuring, and the faltering government support for low-polluting industries. More recently, short sellers shifted into mining-and oil-related stocks as global iron ore and oil prices declined in 2014 (Haigh and Stringer 2014; Holm 2014) . 2 A United Nation's report (UN, 2009) refers to the following definition for structural changes: "the different arrangements of productive activity in the economy and different distributions of productive factors among various sectors of the economy, various occupations, geographic regions, types of product, etc …". While there is an extensive literature on industry growth (e.g., Beck, Levine, and Loayza, 2000; Fogel, Morck, and Yeung, 2008; Gupta and Yuan, 2009; King and Levine, 1993; Levine 2004; Rajan and Zingales, 1998) those studies generally do not specifically examine industry information over time and pay little attention to industry restructuring in a developed-country setting.
Our first empirical analysis shows that short sellers' industry preference contains material information. In a portfolio setting, we find that stocks with high short interest ratio (SIR) (from the top sextile) within the most-shorted industry (from the top sextile based on aggregate shorted value) earn abnormal value-weighted returns of -2.76% in the next six months. 3 However, stocks with similarly high SIR in the least-shorted industries earn insignificant abnormal returns over the same time horizon. The traditional long-short strategy (i.e., shorting the most-shorted stocks and longing the least-shorted stocks) within the most-shorted industries generates the highest valueweighted returns of 4.74% in the next six months. We also confirm that our portfolio results are robust, using findings from firm level regression analyses.
Our second analysis explores the characteristics of industries in which short sellers have concentrated interests (i.e., industries with the highest aggregate shorted value). This helps us to understand the source of the new industry information revealed by short sellers. We find that these highly shorted industries are more complex in that they are associated with greater diversity in growth opportunities and leverage across firms. This suggests that short sellers strategically position themselves in industries where they are likely to maximize profits by using their superior information processing skills.
Last, we examine the economic implications of short sellers having superior industry information. We find that firm-level short selling forecasts a change in firm-level default risk in the most-shorted industries, but not in others. This implies that aggregate short selling helps industries to achieve better economic efficiency by identifying firms with fundamental problems, not only firms with temporary misvaluations.
Our study makes two contributions to the literature. First, we propose a new measure of industry information based on the industry preferences of so-called relatively informed traders, short sellers. This measure can be a convenient industry level information proxy for retail investors to use in overcoming their information disadvantage. Second, we find that short sellers' information advantage in specific industries benefits those industries by reducing information complexity and improving the industry's economic efficiency. To our knowledge, this is the first study showing that short sellers create a positive externality at the industry level.
The rest of this study is organized as follows. Section 2 reviews the relevant literature and the testable hypotheses. Section 3 presents the data and the main empirical findings. Section 4 discusses the relevant robustness test results. Section 5 concludes.
Literature review and hypothesis development

Literature review on industry information
The theoretical literature suggests that industry-specific information, such as information about technological innovation, is priced in the time-series and cross-sectional stock returns. For example, Pastor and Veronesi (2009) and Garleanu, Kogan, and Panageas (2012) examine stock pricing of technological risk and innovation in conjunction with life-cycle adaptation and in incomplete market settings, respectively. Hoberg and Phillips (2010) claim that industry booms and busts are strongly linked to industry competition. Specifically, the high market valuations in competitive industries are more likely to be followed by a decline in operating profits and stock returns than those in less-competitive industries. These findings are consistent with Schumpeter's (1942) creative destruction theory, which posits that increasing competition in booming industries can cause less-adaptive firms to fail. Subsequently, industry competition is reduced and the industry is returned to a steady state.
Recently, Kogan, Papanikolaou, and Stoffman (2015) provided a general equilibrium model, which predicts uneven distribution of profitability in response to innovation across firms within an industry. They show that in industries undergoing restructuring and embodied or disembodied innovation, estimating future profitability systematically may require sophisticated skills.
According to Berndt (1990) , because embodied innovations require completely new technology, existing capital investments cannot be applied effectively. On the other hand, disembodied technological developments provide tools and new procedures for using existing capital (and even old capital) more effectively. Hence, value firms may benefit more from disembodied technological progress, but growth firms are likely to profit more from embodied technological improvement because they have less existing invested capital.
Despite the above mentioned theories, numerous case studies, and industry reports emphasizing the economic importance of structural changes in industries (e.g., Kliesen, 1993; Foster, Haltiwanger, and Krizan, 2006; Klier and Ribenstein, 2012) , only a limited number of comprehensive empirical studies link industry information to asset prices. Two notable exceptions are studies by Makarov and Papanikolaou (2007) and Hong, Torous, and Valkanov (2007) , who use aggregate stock returns at the industry level to capture industry information. Makarov and Papanikolaou (2007) propose four new industry pricing factors to capture the time dynamics of the changing industry landscape in the U.S. Their first factor captures aggregate market returns; the second and third factors capture the relative productivity of capital versus consumption goods industries and business cycles, respectively. 4 Hong, Torous, and Valkanov (2007) also find that industry portfolio returns predict the market, which they attribute to investors' limited attention.
Literature review on short sellers and hypotheses development
Short sellers are generally considered to be relatively well informed institutional traders. Among others, Desai et al. (2002) find evidence of short sellers' information advantage in NASDAQ stocks. Many studies also find that high firm-level shorting predicts negative returns, and vice versa (e.g., Boehmer, Jones, and Zhang, 2008; Diether, Lee, and Werner, 2009a; 2009b; Boehmer, Huszár, and Jordan, 2010) . Traditionally, SIR is used as a good proxy for short sellers' information at the firm level in conjunction with controls for short-sale constraints and liquidity (Asquith, Pathak, and Ritter, 2005; Boehmer et al. 2010 ).
Since industry information is shown to influence stock returns, relatively well informed short sellers may capture industry information first, before other traders. Short sales are expensive and risky, especially in bubbling industries (Lamont and Stein, 2004) ; thus large aggregate exposure of short sellers to a specific industry may be a proxy for industry-specific information (e.g., Hauck and Tsang, 2007; Haigh and Stringer, 2014) . If an industry's high aggregate short interest is significantly related to future abnormal stock returns, short sellers may have superior industry information in addition to firm-level information. This leads to our first testable hypothesis:
H1: Industry-level short interest is related to future abnormal returns, ceteris paribus.
If we find supporting evidence for the first hypothesis, a natural follow-up question is, what is the source of the short seller's superior industry information? Some studies suggest that short sellers obtain information through tips or connections (e.g., Anderson, Reeb, and Zhao, 2012; 2013; and Berkman, McKenzie, and Verwijmeren, 2013) ; others propose that short sellers process new information more efficiently (Engelberg, Reed, and Ringgenberg, 2010) . We use the nature of information in each industry to separate the two explanations. In a complex industry, short sellers may make more profits if they can process information more efficiently. When short sellers rely on tips and connections, they should be able to profit no matter which industry they target.
Following the arguments by Kogan and Papanikolaou (2010) [ Table 1 about here]
In Figure 1 , we show the time trends of shorting for four key GICS industry groups (from the 24 GICS industry groups) based on the GICS from 1990 to 2013. [ Figure 2 about here]
Short sellers' industry information
In this section, we test the first empirical hypothesis (H1): whether short sellers have superior industry information. We perform the tests both in portfolio settings and in cross-sectional analyses.
Portfolio analysis
Following standard empirical asset pricing and short-sale studies (e.g., Desai et al. 2002; Asquith, Pathak, and Ritter, 2005) , we examine the industry information advantage of short sellers by testing whether stocks in industries targeted by short sellers earn abnormal returns. In each month, we first sort all industries based on the industry aggregate shorted value into six groups. We rely on the MSCI global industry classification standard (GICS) for our industry classification and adopt the 24-industry GICS grouping to identify firms that are comparable in their business focus and structure and can be considered competitors (Bhojraj, Lee, and Oler, 2003) . 6 As it is problematic to establish quintile groups with 24 industries, we use sextile groups, where each sextile includes four GICS industries. These sextiles are formed by ranking the industries based on the total shorted value (i.e., the sum of the shorted value for each stock in a specific industry and the shorted value is the number of shares shorted times the corresponding share price). Then we sort all firms within each industry group into six groups based on the stock's own level of short interest ratio, SIR.
For each of the 36 double-sorted (DS) portfolios, we use the Fama-French-Carhart (Fama and French, 1996; Carhart, 1997) factor model to test for abnormal returns using the following specification:
6 The industry definitions are provided in Table 1 of the online Appendix.
If short sellers have superior industry information, then stocks with high SIR in the most-shorted industries should be associated with the most negative abnormal returns. Since active traders usually use hedged trading strategy to remove unnecessary exposure to other sources of risk, we also examine the performance of hedge portfolios using the following specifications:
Across industries:
In model specification 2A, we create hedge portfolios of high-and low-SIR stocks within industry sextiles and test the abnormal returns on these long-short portfolios. We expect that within each industry sextile group, stocks with low SIR will outperform stocks with high SIR because short sellers are known to possess firm-specific information.
To directly measure the cross-industry information, we also consider hedge portfolio returns with model specification 2B. That is, we long stocks in the least-shorted industries (sextile) and short stocks in the most-shorted industries (sextile) within the same firm SIR sextile group. If the distribution of firm SIR is relatively even and high-SIR stocks are not explicitly concentrated in highly shorted industries, this portfolio strategy would capture the industry information beyond the firm information.
In Table 2 , we report the equal-and value-weighted averages of excess stock returns for 36 double-sorted short portfolios. The portfolios are established at the end of the month, and returns are measured over the next one month and the next six months. In the second column in Table 2, we report the time-series average of the number of stocks and average returns for the 36 portfolios.
We find that among the portfolios, those in the most-shorted industries (where the portfolio rank first digit is 6) are the largest groups. We report the arithmetic average and the value-weighted average SIR for each portfolio under headings AveSIR and vwSIR respectively in columns 3 and 4. The time-series average numbers reveal that even in the least-shorted industries, the firm-level SIR can be very high. For portfolios 16 and 66, the value-weighted average SIRs are 7.8% and 10%. More importantly, for portfolios 46, 56, and 66, the vwSIR is about 10% across all three portfolios, suggesting that firm-level shorting can be excessively high even in the less-shorted industries.
[ Table 2 about here]
First, we find that there is little variation in returns across the portfolios in the least-shorted industries. Columns 5 and 6 in Table 2 show that in the least-shorted industries (where the first digit of Portfrank=1), value-weighted excess returns range from 0.78% to 0.54%. In contrast, in the most-shorted industries (where the first digit of Portfrank=6), the value-weighted excess returns range from 1.19% to 0.24%, suggesting a much larger difference between the least-shorted and the most-shorted stocks. On average, within each industry sextile, portfolios with a higher firm-level SIR have lower returns, consistent with Desai et al. (2002) .
[ Table 3 about here]
In Table 3 , we examine the future performance of 36 double-sorted portfolios using the fourfactor adjusted portfolio returns over a six-month horizon (Fama and French, 1993; Carhart, 1997) .
We focus on longer-term returns because industry information is expected to be slowly incorporated and shorter-term returns can be affected by temporary mispricing or noise in the market. For example, large short sales may result in transient price effects, but only the permanent price effect is expected to provide evidence of information (Madhavan, 2000; Brogaard, Hendershott, and Riordan, 2014) .
We report future abnormal returns of the 36 double-sorted portfolios in Table 3 , Panels A and B. Focusing on the most-shorted stocks (sextile 6 based on firm SIR) in the most-shorted industries, we find significant abnormal -2.91% equal-weighted returns in Panel A, and -2.76%
value-weighted returns in Panel B. However, we find no significant negative returns on high firm SIR stock portfolios in the least-shorted industries. Comparing the abnormal returns on the highly shorted stock portfolios across industries, we report a return difference of 2.8% (on the right side of the table under the heading "Hedge portfolios"). Overall, the persistence of negative information in the most-shorted stocks in the highly shorted industries suggests that short sellers trade on firmspecific information and industry information in the medium term (six-month horizon).
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To ensure that our results are not driven by small stocks, we exclude penny stocks (stocks with a share price of less than $5) and repeat the same portfolio analyses as in Table 3 for the full sample period. The relevant results, reported in Table 4 , Panel A, provide even stronger evidence that short sellers possess industry information. The negative information in the high-SIR stocks is again the most significant in the highly shorted industry, generating a return of -3.16%. It is largely insignificant in the least-shorted industries. In Panel B, the results with value-weighting are statistically and economically similar. Thus, taken together, the results shown in Tables 2 and 4 support our first hypothesis that short sellers have superior industry information.
[ Table 4 about here]
Considering realizable long-short trading strategies, we find that short sellers can generate an abnormal return of 4.96% within the most-shorted industries in six months (as shown in column
HighInd SV=6 in Table 3 , Panel A). In Panel A of Table 4 , excluding penny stocks, we find that the same portfolio has an abnormal return of 5.12% over the next six months.
Overall, we find strong evidence supporting our first hypothesis (H1).
Cross-sectional analyses
To confirm our finding with the portfolio analysis, we perform robustness tests using crosssectional analyses. We use the Fama-MacBeth regression framework to test the link between industry-level short interests and future returns after controlling for the usual firm characteristics as well as firm-level SIR. Our model specification is given in the following equation: 
where the dependent variable is the stock's future six-month cumulative holding period return with dependent variables such as firm controls (e.g., firm size, market-to-book, and turnover) and key shorting measure such as the HighfirmSIR, which takes on the value of one for stocks with an SIR from the top decile of the distribution. In addition, we include dummy variables to capture high and low industry-level shorting. HighIndSV and LowIndSV variables take on the value of one if the industry is within the top sextile or bottom sextile based on the aggregate industry shorted value in the specific month, and zero otherwise. To test the interconnectivity of firm and industry information by short sellers, we also include interaction variables for firm-level and industry-level shorting (HighfirmSIR*HighIndSV and HighfirmSIR*LowIndSV). If the industry information is not relevant, we would expect insignificant coefficient estimates of δ and λ. If short sellers effectively exploit industry information in conjunction with firm information, we would expect the coefficient estimate of λ, on the interaction term, to be significantly negative.
[ Table 5 about here]
We find robust evidence in support of our first hypothesis, as shown in Table 5 , Panel A. Model 1 shows a significant negative coefficient estimate of -1.61 on the HighFirmSIR dummy measure, implying that highly shorted stocks experience about -1.61% lower returns over the next six months. In Models 2 and 3, we include the industry shorting measure, specifically, a dummy variable that equals one for industries from the highest sextile for the HighIndSV dummy, and zero otherwise. The significant coefficient estimate on the interaction variable of the high industry-level shorting and the high firm-level shorting (HighIndSV*HighfirmSIR) suggests that industry information is used in conjunction with firm-level shorting. It is important to note that the coefficient estimate on the HighfirmSIR is economically similar across Models 1 and 3, suggesting that the interaction does not weaken the primary effect, which is the superior firm information of short sellers.
On the right side of Table 5 , Panel A, we replicate the same analyses with a reduced sample by excluding penny stocks. The results are similar with the reduced sample, if not stronger. We include additional analyses in Table 5 , Panel B, by using previous one-month and six-month returns as additional control variables for return momentum or reversal. The results in Table 5 , Panel B, are economically and statistically similar to those reported in Panel A, confirming that our findings are robust.
Overall, we find supporting evidence for H1, that short sellers profit from their superior industry information ceteris paribus, in both the portfolio setting and the cross-sectional analysis.
Analyses of short sellers' industry preference
Given that short sellers profit from superior industry information, we investigate the characteristics of industries targeted by short sellers. Following the literature, we focus on industry characteristics such as market-to-book ratio, liquidity, and idiosyncratic risk (Desai et al. 2002; Au, Doukas, and Onayev, 2009; Boehmer et al. 2010) to proxy for the complexity of an industry. We use the following baseline regression model specification to test our second hypothesis,
where LogIndSV is the natural logarithm of the total industry shorted value in millions. Industry value-weighted average book-to-market ratio (vwBtoM), value-weighted lagged one-month returns (vwLagRet-1m), value-weighted lagged six-month returns (vwLagRet-6m), lagged one-month value-weighted average turnover (vwTurn-1m), lagged one-month value-weighted average price spread (vwHLspread-1m), and the value-weighted market leverage (vwMLever) of all listed firms within an industry. The industry heterogeneity vector (IndHetero) includes two measures to capture the degree of variation in firm characteristics within the industry, namely the industry standard deviation of the firm's book-to-market ratio (Indstd_BtoM) and the industry standard deviation of the firm's market leverage ratio (Indstd_MLever).
In addition, we control for industry size since the number of shorted shares and the shorted value are likely to be affected by the size of the firms and the size of the industry (i.e., the number of firms in the industry). Specifically, we include two control variables, vwLogMcap and LogFirms, which are value-weighted averages of all firms' market capitalization in millions of USD in the industry and the natural logarithm of the number of firms in the industry, respectively.
In the regression framework, we include time fixed effect and cluster the standard errors by year.
[ Table 6 about here] Table 6 shows that short sellers concentrate on complex industries with higher past returns and greater liquidity. The significant positive coefficients on the Indstd_BtoM and Indstd_Mlever variables suggest that more shorting occurs in industries where there is a large variation in book-to-market and leverage ratios, respectively. These findings support H2 by revealing that short sellers focus on heterogeneous industries with greater information complexity (e.g., the dispersion in the book-to-market ratios indicates dispersion and uncertainty about future profit expectations within the industry) where they can exploit their private information or superior informationprocessing skills for more gains.
The economic implications of short sellers' industry information
Given that we find supporting evidence that short sellers exploit industry information and choose to target certain industries, it is important to understand the economic implications of their information. To address the information content in short sellers' industry concentration, we examine whether short sellers' concentration at the industry level are related to the firm's future default risk. This question is important because the firm's ongoing concern has significant economic implications. To test our third hypothesis (H3), that short sellers provide new economic information in the targeted industries, we examine the relationship between firm-level shorting and the change in the distance-to-default (DtoD) measure over the next six months.
Our DtoD measure is based on Duan et al. (2012) 's transformed-data MLE method calculation of the Merton (1974)'s model of default. 8 This method is considered to be superior relative to the volatility restriction model (Jones et al. 1984; Ronn and Verma, 1986) and KMV method (Crosbie and Bohn, 2003) to extreme high leverage for financial related firms, such as real estate investment firms, banks and insurance companies in our sample.
We use a Fama-MacBeth regression model specified as follows,
where the dependent variable is the change in the distance-to-default measure from time t to time t+6, where the shorting and the control measures are established at time t. The key explanatory variables are the firm-level short interest (firmSIR) and the high level of industry short dummy variable (HighIndSV), which equals one if the industry level total shorted value is in the top sextile, as discussed earlier in the portfolio analysis. We also include an interaction measure for the latter two variables to test our H3 in the pooled sample. In addition, we examine the short interest default predictability in the subsample setting, separately in the sample of firms from highly shorted industries and sample of firms from lightly shorted industries. Other firm control variables include traditional stock market controls, such as market capitalization, book-to-market ratio, bid-ask spread, high-low price spread, turnover, and a number of corporate controls such as: cash-to-sales ratio, rollover risk (i.e., ratio of short-term debt to long-term debt adopted from Almeida, 2012) and the traditional financial constraint measure (KZfirm) (Kaplan and Zingales, 1997) .
Specifically, the rollover risk is expected to control for an increase in refinancing in the presence of deteriorating debt market liquidity. In the cross-section, firms with high rollover risk are expected to be closer to default (He and Xiong, 2012) , while cash holdings may be important in dealing with competition, especially in industries with changing technologies (Lyandres and Palazzo, 2015) . Table 7 reports the findings. For this analysis the sample period is slightly smaller because we need to have valid distance-to-default information continuously for six months to be able to perform the change-in-default-risk analysis.
[ Table 7 about here]
Panel A of Table 8 shows that stocks with higher shorting in highly shorted industries are associated with a future decline in the distance-to-default measure. However, in itself the shorting measure, the FirmSIR, has an insignificant relation to the change in the distance-to-default measures in industries with a low concentration of short sellers. This result implies that the firmlevel SIR and default link is only manifested in those industries that are highly shorted. In industries that are not highly shorted, the high firm-level SIR likely captures only temporary overvaluation rather than serious ongoing concern issues about the targeted firms.
In Panel B of Table 8 , we further confirm these results with subsample analyses. We find that the significant relation between FirmSIR and ChngDtoD exists only in industries with a high level of shorting. This finding supports our third hypothesis (H3). Overall, we find that short sellers help to improve the economic efficiency of the targeted industries by identifying firms that may have future ongoing concern issues. To our knowledge, this is the first time in the literature that short sellers have been shown to create economic information at the industry level.
Robustness tests
We perform several robustness tests to ensure that our portfolio results are not driven by a small group of extreme stocks in supporting H1. 9 First, to address the concern that our results might be driven by financial stocks, or by stocks from regulated industries, we replicate our analysis without regulated industries, excluding all financial firms and utilities industries (GICS groups 4010, 4020, 4030, and 5010). We find that our main results remain the same (see Table 3 ) and are not a manifestation of the global financial crisis.
Next we consider whether our results could be a manifestation of high short-sale costs or binding short-sale constraints. To address this shorting cost/constraint endogeneity issue, we first 9 All robustness results are available in the online appendix.
replicate our main analysis without illiquid stocks. Next we replicate our analysis by excluding penny stocks and stocks with a low level of institutional ownership. These subsample analyses are motivated by prior empirical evidence that small, illiquid stocks may be difficult or costly to short (D'Avolio 2002). However, in all three analyses with the reduced sample containing only larger, more liquid stocks with non-trivial institutional ownership, we still find consistent results.
Lastly, we consider whether the results are driven by insiders. We exclude family firms based on the definition of Anderson. Reeb, and Zhao (2013) and find that the results remain economically and statistically similar. All relevant results are available in the online appendix.
Conclusion
Our study explores the information advantage possessed by short sellers at the industry level. First, we provide evidence that short sellers earn significant profits by exploiting superior industry information. In both portfolio and cross-sectional analyses, we show that stocks with high SIR within the most-shorted industries earn significantly more negative abnormal returns in the next six months than similarly highly shorted stocks in less-shorted industries. Within the most-shorted industries (industries from the top sextile based on the aggregate shorted value), the portfolio of the most-shorted stocks (top-sextile stocks based on SIR) earns -2.76% value-weighted abnormal returns over the next six months. In contrast, the portfolio of the most-shorted stocks in the leastshorted industries earns insignificant abnormal returns during the same period. We find even more striking results with industry-adjusted high-low short hedge portfolios. Hedge portfolios within the most-shorted industries, created by longing the least-shorted stocks and shorting the mostshorted stocks, generate 4.74% value-weighted abnormal returns. Second, we find that short sellers focus on more complex industries where they can benefit more from their superior informationprocessing skills. In these targeted industries, short sellers aid information efficiency and economic efficiency by identifying not just temporarily overpriced stocks but firms with fundamental problems.
Overall, our study provides new evidence about short sellers' superior information beyond specific firms. We suggest that short sellers' industry preferences may signal valuable information to retail traders as well as to regulators. Specifically, the industry concentration of these relatively informed active traders likely captures important ongoing changes in the industry. These changes, in combination with strong competition and industry diversity are associated with increase in uncertainty about future profitability, resulting in higher default risk for some firms. Mcapmill is the month-end share price times the number of total shares in million USD. BAspread is the ask-bid price difference relative to the average bid-ask price, while HLspread is the monthly price spread, as the difference between the monthly highest and lowest price relative to the average of the highest and the lowest price in the month. Turn (in %) is the number of shares traded in the month relative to the total number of shares outstanding as a percentage. BtoM is the firm's book value of equity relative to stock market capitalization.
Mlever is the market leverage where the total debt (short-term plus long-term debt) is measured relative to the ratio of the total debt plus market capitalization. and vwSIR) , the future equal-and valueweighted one-month (EqExcRet1m and VwExcRet1m) and six-month (EqExcRet6m and VwExcRet6m) excess returns on the 66 double-sorted portfolios, where the excess returns are in excess of the risk-free rate. The 66 portfolios are established using industry-level shorted value to establish industry sextiles and then within each industry group, firm sextiles based on firm-level shorting. The portfolio with Portfrank=11 includes firms from industries with the lowest aggregate shorted value (IndSV) where the stock itself has also been in the lowest quintile based on its SIR. In the portfolio rank, the first digit refers to the industry rank, while the second digit refers to the stock's rank based on the firm SIR within the industry. Portfrank=11-61 reflects a long-short hedge portfolio where the long position is in the portfolio with Portfrank=11 and the short position is in the portfolio with Portfrank=61. Table 5 . Fama-MacBeth analysis of future stock returns in relation to industry-level shorting The dependent variable is the future six-month cumulative holding period return on the stock. LogMcap and BtoM are the market capitalization and the book-to-market ratios, where the market cap is the total shares outstanding in millions times the share price at the end of the previous month; BtoM definition follows Fama and French (1997) . Turn-1m is the monthly turnover as a percentage. HighSIRfirm is a dummy that takes on the value of 1 for the specific firm-month observation where the firm's short interest ratio is in the top sextile of the distribution. HighIndSV (LowIndSV) is a dummy that takes on the value of 1 for industries where the industry total shorted value (IndSV) in millions of USD is among the top 4 (bottom 4) industry groups (from the 24 GICS industry groups). In Panel B as additional controls, lagged one-month (Ret-1m) and six-month returns (Ret-6m) are also included. The coefficient estimates are displayed with the corresponding t-stats in brackets, from a Fama-MacBeth regression, with Newey-West robust standard errors with 5 lags. Table 6 . Determinants of industry concentration of short selling The dependent variable is the natural logarithm of total shorted value in millions of USD in the specific GICS sector (IndSV). LogFirm is the natural logarithm of the number of firms in the industry. The vwLogMcap and vwBtoM are the value-weighted average market capitalization in the industry and the value-weighted average book-to-market ratio, where value-weighted is based on the firm's market capitalization. The vwLagRet-1m and vwLagRet-6m are the valueweighted average last-month returns and last six-month returns in the industry respectively. The vwTurn-1m and vwHLspread-1m are the value-weighted average turnover as a percentage and price spread (HLspread) in the previous month, where turnover is the ratio of the total shares traded and the price spread is the highest and lowest price differential in the previous month relative to the average of the highest and lowest price. The vwMLever is the valueweighted market leverage, where market leverage is the ratio of total debt relative to total debt plus the market capitalization. Industry heterogeneity is measured by the cross-industry standard deviation in book-to-market (Indstd_BtoM) and in market leverage (Instd_MLever Table 7 . Cross-section analysis of changes in distance-to-default in relation to short selling The dependent variable is the change in the distance-to-default (ChngDtoD) measure over the next six months. The firm-level SIR (FirmSIR) is the number of shorted as the percentage of total shares outstanding. HighIndSV is a dummy that takes on the value of 1 for firms from industries from the top sextile based on the total shorted value in the industry. HighIndSV*FirmSIR is an interaction variable of the firm's SIR and the industry high shorting dummy. The other firm controls: natural logarithm of the stock's total market capitalization (LogMcap), book-to-market (BtoM), Turnover, Lagged six-month returns (Ret-6m), Bid-Ask spread (BAspread), High-Low price spread (HLspread), cashto-sales ratio (Cash/Sales), rollover risk (Rollover) adopted from Almeida et al. (2012) 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Time series of industry rank based on total shorted value 4020 4040 4510 5010
Panel A. Summary of return of double-sorted portfolios, using GICS 24-industry group
Appendix A. Summary of future one-month abnormal returns on double-sorted portfolios, sorting on industry aggregate shorting and firm-level short interest ratio, using GICS 24-industry classification ( 
Appendix C. Fama-Macbeth return regression with one-month returns
The dependent variable is the future one-month cumulative holding period return on the stock. LogMcap and BtoM are the market capitalization and book-to-market ratios, where the market cap is the total shares outstanding in millions times the share price at the end of the previous month; the BtoM definition follows Fama and French (1997) . Turn-1m is the monthly turnover as a percentage. HighSIRfirm is a dummy that takes on the value of 1 for the specific firmmonth observation where the firm's short interest ratio is in the top sextile of the distribution. HighIndSV (LowIndSV) is a dummy that takes on the value of 1 for industries where the industry total shorted value (IndSV) in millions of USD is among the top 4 (bottom 4) industry groups (from the 24 GICS industry groups). In Panel B as additional controls, lagged one-month (Ret-1m) and six-month returns (Ret-6m) are also included. 
